Background: Numerous studies across a variety of malignancies have demonstrated that health insurance status is associated with differences in clinical presentation, type of treatments received, and survival. The effect of insurance status on the management of soft tissue sarcoma is unknown. We assessed the association of insurance on (a) stage at diagnosis, (b) receipt of neoadjuvant/adjuvant radiation therapy, and (c) overall survival (OS) in patients with soft tissue sarcoma. Methods: The study cohort was identified from the National Cancer Database (NCDB) and consisted of patients with stage I-IV soft tissue sarcoma of various histologies diagnosed from 2004 to 2015. The patients were stratified by age (<65 and ≥65 years) and by insurance status (commercial, Medicare, Medicaid and uninsured). Using multivariable logistic regression analysis, we evaluated the association between insurance status and (a) stage at diagnosis (Stage I-III vs IV), and (b) receipt of neoadjuvant/adjuvant radiation therapy in patients with locally advanced disease. The association of insurance status on OS was assessed using Kaplan-Meier and multivariable Cox proportional hazards analyses. A propensity score matched survival analysis was performed to account for measured confounders. Results: 49 754 patients were identified of whom 23 677 (48%) had commercial insurance, 20 867 (42%) had Medicare, 3229 (6%) had Medicaid, and 1981 (4%)
1.57-1.93, P < .001) and the uninsured (OR = 1.71, 95% CI: 1.51-1.94, P < .001) were more likely to present with stage IV vs Stage I-III disease. Furthermore, among patients with locally advanced disease treated with limb sparing surgery, those with Medicaid (OR = 0.87, 95% CI: 0.77-0.98, P = .021) and the uninsured (OR = 0.73, 95% CI: 0.63-0.85, P < .001) were less likely to receive neoadjuvant or adjuvant radiotherapy as compared to those with commercial insurance. Lastly, having Medicaid (HR = 1.26, 95% CI: 1.17-1.34, P < .001) and no insurance (HR = 1.30, 95% CI:
1.20-1.41, P < .001) was associated with worse OS compared to having commercial insurance, a finding which remained significant after propensity score matching.
In contrast, in patients ≥65 years, there were no statistically significant differences 1 | INTRODUCTION Soft tissue sarcomas (STS) are rare tumors representing less than 1 percent of all newly diagnosed cancers in the United States. 1 As STS's are uncommon and often complex, a multidisciplinary treatment approach and adherence to evidence based recommendations is particularly important. A National Cancer Database (NCDB) study, analyzing data from 15 957 patients with STS showed that guideline adherent treatment was associated with improved survival outcomes. 2 For many patients, health insurance coverage affects access to specialized cancer care with important clinical consequences. Studies from several disease sites have shown that health insurance coverage influences receipt of guideline recommended care, timely treatment, as well as participation in clinical trials. 3 For instance, a recent study evaluating the impact of insurance coverage on outcomes of patients with breast sarcoma showed that Medicaid and uninsured patients were more likely to present with advanced disease and have worse outcomes as compared to privately insured patients. 4 Other studies in adult patients with STS have similarly demonstrated that noncommercial insurance is associated with a longer time to treatment initiation 5 and a lower likelihood of receiving guideline concordant care 2 as compared to privately insured patients.
The aim of this study was to utilize the NCDB to evaluate the association between insurance status and (a) stage of disease at diagnosis, (b) receipt of neoadjuvant or adjuvant radiation and (c) overall survival (OS) among patients diagnosed with STS.
| METHODS

| Data source
The study population was identified from the NCDB, a national cancer registry jointly sponsored by the American College of Surgeons and the American Cancer Society that draws upon hospital registry data from more than 1500
Commission on Cancer (CoC)-accredited facilities in the United States. 6 The dataset captures more than 70% of incident cancers and comprises more than 34 million unique cancer cases.
| Study population
Inclusion criteria consisted of patients ≥18 years of age with American Joint Committee on Cancer 8th edition stage I-IV STS, who were diagnosed between 2004 and 2015. The study population consisted of STS histologies standardly treated with surgery and radiation, such as undifferentiated or unclassified sarcoma, undifferentiated pleomorphic sarcoma, liposarcoma, leiomyosarcoma, fibrosarcoma, synovial sarcoma, angiosarcoma and malignant peripheral nerve sheath tumors. Retroperitoneal sarcomas as well as histologies primarily encountered in pediatric populations such as rhabdomyosarcoma, or those treated with a different paradigm were excluded. Patients with STS arising in the head and neck, extremities, thorax, abdomen and pelvis were included. Patients were excluded if they had unknown or missing data regarding clinical stage, receipt of surgery, radiation, or insurance status ( Figure 1 ). Of note, the excluded patients with unknown information regarding receipt of radiation, surgery or stage were equally distributed/balanced between the different insurance groups.
| Patient cohorts and variables
Patients were stratified by (a) age (< or ≥65 years) and (b) insurance status. A threshold of 65 years was used as it represents the age of eligibility for Medicare insurance. In the cohort of patients <65 years of age, only patients with commercial insurance, Medicaid, and the uninsured were included; those with Medicare were excluded as qualification for Medicare in this age group requires a severe disability or additional comorbidities that we were unable to account for in this analysis. In the ≥65 years cohort, only patients with commercial insurance or Medicare were included as patients between those with Medicare and commercial insurance with regards to disease presentation, receipt of radiotherapy, or survival. Conclusions: In a large modern cohort identified from the NCDB, commercial insurance status in patients <65 years was associated early diagnosis, receipt of neoadjuvant/adjuvant radiation therapy, and overall survival for patients with soft tissue sarcoma. Further efforts are warranted to understand disparities in care based on health insurance in the United States.
K E Y W O R D S
soft tissue sarcoma, radiation therapy, insurance, survival, medicare, medicaid with Medicaid and the uninsured comprised a very small proportion of the population (<5%).
The primary independent variable of interest was insurance status. Dependent variables evaluated were (a) stage at diagnosis, (b) receipt of neoadjuvant or adjuvant radiation therapy, and (c) OS. Other covariates examined included age, gender, race/ethnicity, population density of patient residence (metropolitan, urban or rural), type of treatment facility (academic vs. nonacademic), location of treatment facility, patient distance to treatment facility, facility volume (categorized by case volume into four groups; Group 1: 0th-49th percentile, Group 2: 50th-89th percentile, Group 3: 90th-98th percentile, and Group 4: ≥99th percentile), education level (defined as % population in the patient's ZIP code without a high school degree), income (median income in the patient's ZIP code), Charlson/Deyo comorbidity score, year of diagnosis, primary site of tumor, tumor size, tumor histology, type of surgical resection, receipt of radiation therapy (covariate in survival analysis) and receipt of chemotherapy.
| Endpoints
In both age cohorts (< and ≥65 years), we evaluated the association between insurance status and three primary endpoints, namely (a) stage at diagnosis (Stage I-III vs Stage IV), (b) receipt of neoadjuvant or adjuvant radiation therapy for locally advanced STS patients (Stage II/III and non-metastatic node positive Stage IV) who underwent limb sparing surgery, and (c) OS.
| Statistical analysis
Baseline characteristics of patients were stratified by insurance status and compared using Pearson's chi-squared tests. Covariates achieving a threshold significance of P < .1 on univariate analysis were included in the multivariable logistic regression model.
We performed three main analyses. The first analysis included all the patients and utilized a multivariable logistic regression model to assess the association between insurance status and stage at diagnosis (Stage I-III vs Stage IV).
The second analysis was limited to patients with locally advanced disease (Stage II/III and non-metastatic node positive Stage IV) who underwent limb sparing surgery. Another multivariable logistic regression model was used to evaluate the association between insurance status and receipt of neoadjuvant or adjuvant radiation therapy.
The third analysis assessed the independent effect of insurance status on hazards of death using Cox proportional hazards analyses. To more robustly account for baseline difference between cohorts, a secondary survival analysis was performed using propensity score analysis. For patients <65 years, a matched cohort of 5138 patients (2569 patients with Medicaid matched with 2569 patients with commercial insurance) was identified using 1-to-1 nearest neighbor propensity score matching without replacement. 7 Propensity scores were derived using multivariable logistic regression methods (matched for all variables in Table S3 ) and denoted the probability of not having commercial insurance. This was repeated for patients with no insurance (n = 1730). In a similar manner, 2562 patients with commercial insurance were matched to 2562 patients with Medicare in the ≥65 years cohort. Absolute standardized differences of <0.1 between baseline covariates following matching was accepted as a measure of adequate balance. 8 A Cox survival analysis was then repeated on the matched cohort to estimate the hazard of death associated with insurance status.
For all analyses, a two-tailed P < .05 was considered statistically significant. All analyses were performed using Stata SE, version 15.0 (StataCorp, College Station, TX).
| RESULTS
| Baseline clinical characteristics
49 754 patients met study inclusion criteria. Of these, 23 677 (48%) had commercial insurance, 20 867 (42%) had Medicare, 3229 (6%) had Medicaid and 1981 (4%) had no insurance. The median age of the study population was 62 years (interquartile range: 49-74 years); 27 546 (55%) were <65 years and 22 208 (45%) were ≥65 years. The majority of patients had extremity tumors (53%), localized disease (Stage I: 20%, II: 21%, III: 41%, IV: 18%), underwent limb sparing surgery (78%), did not receive radiotherapy (none: 61%, neoadjuvant: 10%, adjuvant: 29%) nor chemotherapy (75%). The full list of demographic and clinical factors is presented in Table 1 .
| Association between insurance status and stage at presentation
In patients <65 years, Medicaid (OR: 1.74, 95% CI: 1.57-1.93, P < .001) and no insurance (OR: 1.71, 95% CI: 1.51-1.94, P < .001) were associated with a higher likelihood of presenting with Stage IV disease as compared to commercial insurance. In contrast, in patients ≥65 years, there was no statistically significant difference between Medicare vs commercial insurance (OR: 0.96, 95% CI: 0.86-1.07, P = .48) ( Table 2 , Table S1 ).
| Association between insurance status and receipt of neoadjuvant or adjuvant radiation
In patients <65 years with locally advanced disease, those with Medicaid (OR: 0.87, 95% CI: 0.77-0.98, P = .021) and the uninsured (OR: 0.73, 95% CI: 0.63-0.85, P < .001) were less likely to receive neoadjuvant or adjuvant radiation therapy as compared to those with commercial insurance. However, in patients ≥65 years, there was no significant difference in the likelihood of receipt of neoadjuvant or adjuvant radiation therapy between patients with Medicare and those with commercial insurance (OR: 0.93, 95% CI: 0.83-1.04, P = .222) ( Table 2 , Table S2 ).
| Association between insurance status and overall survival
The median follow-up for the entire cohort was 35 months (IQR: 14-69 months). In patients <65 years, Medicaid coverage (HR: 1.26, 95% CI: 1.17-1.34, P < .001) and no insurance (HR: 1.30, 95% CI: 1.20-1.41, P < .001) were associated with increased hazards of death relative to commercial insurance ( Table 3 , Table S3 ). The estimated 5-year OS for commercial insurance, Medicaid and no insurance was 59%, 40% and 45%, respectively (log rank P < .001) ( Figure  2 ). In contrast, in patients ≥65 years, there was no statistically significant difference in hazards of death between those with Medicare vs. commercial insurance (HR: 1.05, 95% CI: 0.99-1.11, P = .14) ( Table 3 , Table S3 ). These findings remained consistent after propensity score matched survival analysis.
| DISCUSSION
In this assessment of a national cancer registry, we demonstrate insurance related disparities in disease presentation, management and outcomes for patients with STS. Specifically, we found that patients <65 years with noncommercial insurance (Medicaid and uninsured) were (a) more likely to present with Stage IV disease at the time of diagnosis, (b) less likely to receive neoadjuvant/adjuvant radiotherapy for locally advanced disease following limb sparing surgery, and (c) had worse survival outcomes compared to patients with commercial/private insurance. In patients ≥65 years, however, there were no significant differences between Medicare and commercial insurance status with regards to these endpoints.
Our findings contribute to the growing body of literature evaluating the impact of insurance coverage on oncological outcomes and quality of care. While previous studies have explored the association between insurance status and outcomes in other malignancies, 9, 10 our study is the first to rigorously examine this question in patients with STS. Furthermore, our study is unique compared to prior studies due its methodology-we stratified patients based on age to specifically assess differences in outcomes between government sponsored insurance plans (Medicaid As with nearly all other cancers, the outcomes of STS patients are highly dependent on the stage of disease at presentation. In general, patients with localized and regional disease can often be treated with curative intent and experience favorable disease outcomes with 5-year OS ranging from approximately 80%-90% for patients with stage I disease, approximately 55%-80% for patients with stage II/III disease and approximately 50% in patients with node positive disease. In contrast, patients with metastatic disease have an estimated 5 year OS <15%. 13 These results underscore the importance of early detection and a potential lost opportunity for favorable and functional outcomes in patients who present with metastatic disease.
We found that Medicaid and uninsured patients were more likely to present with locally advanced stage (Stage IV) tumors as compared to those with commercial insurance in patients <65 years. This finding is congruent with, and builds upon, previous studies that have demonstrated that patients with nonprivate insurance have an increased likelihood of presenting with advanced breast, prostate, lung, colorectal, head and neck, liver, pancreatic carcinomas, and breast sarcomas as compared to private insurance. 9, 12, 14 This observed relationship may plausibly be explained by several factors including lower rates of cancer screening, less frequent interactions with medical system, provider discrimination based on insurance status, receipt of care in underresourced facilities, and cancer serving as a Medicaid-qualifying event. The latter is substantiated by studies showing that patients who enrolled in Medicaid after their cancer diagnosis present with more advanced disease 14 and have worse outcomes 15, 16 as compared to those covered by Medicaid prior to their diagnosis.
For patients with locally advanced STS (Stage II/III and non-metastatic node positive Stage IV), the preferred management strategy is limb sparing surgery with wide resection margins accompanied by neoadjuvant or adjuvant radiotherapy and possibly chemotherapy. 13 The benefit of adding radiation to limb sparing surgery was demonstrated in two randomized clinical trials, both of which showed a decrease in local recurrence by 20%-25% with radiation therapy. 17, 18 While these trials were not adequately powered to detect small differences in survival, lower level evidence from a recent Surveillance, Epidemiology and End results database study did demonstrate a modest survival benefit with radiation therapy. 19 We found that patients <65 years of age without commercial insurance were also less likely to receive neoadjuvant or adjuvant radiation therapy in conjunction with limb sparing surgery for locally advanced disease. These findings are concordant with previous research showing a decreased likelihood of receipt of guideline based care for patients with noncommercial insurance such as Medicaid and the uninsured. 20 Lastly, we showed that insurance status is an independent predictor of OS in patients <65 years with STS. This finding may be explained by several factors including poor adherence to treatment, lack of social or domestic supports, and decreased access to supportive or ancillary services during treatment, or less follow-up care in patients with Medicaid or no insurance. Additionally, Medicaid-managed care plans can limit access to specialized providers and treatment facilities which is particularly important in rare cancers such as STS. Specialized centers have been historically shown to have better outcomes for rare cancers, 21 including STS. 22, 23 Patients with Medicaid may be less likely to receive high quality care as some specialty providers may be less likely to accept these patients. This unfortunate reality regarding access to specialized care may partly be due to Medicaid reimbursement rates being well below those paid by Medicare and commercial insurance. 24 A noteworthy finding from our analysis is that Medicare insurance did not adversely impact survival outcomes. In general, patients with Medicare have better access to high quality care compared to Medicaid patients. Consistent with this assertion, studies have shown that patients with Medicare 25 Our study has several limitations given its retrospective design and reliance on the content and accuracy of information included in the NCDB. While we attempted to minimize the impact of measured confounders on our outcomes by using propensity score analysis, we were unable to account for several important unmeasured confounders such as adherence to treatment, referral patterns, patient preference, and quality of care received. There may also be issues with misclassification of insurance type. Specifically, the diagnosis of cancer is a qualifying event for Medicaid with the eligibility date assigned as the date of diagnosis. Thus, patients can move from the uninsured to the Medicaid insured group, potentially adversely affecting outcomes for the latter. As the NCDB does not provide information on the duration of insurance, and we are unable to distinguish between those who had Medicaid for many years vs those enrolled at the time of diagnosis. In addition, the NCDB captures a single primary payer, but some patients may have dual insurance coverage or may transition between insurance plans during treatment which would not be captured in the dataset. It is plausible that insurance status is a surrogate for the complex interplay between several socioeconomic and cultural factors that are hard to completely account for in the current analyses. Additionally, our survival analysis is subject to length time and lead time bias as patients with commercial insurance are more likely to have a lower disease stage as well as might have their disease detected earlier even for the same stage than patients with noncommercial insurance. Despite these limitations, the NCDB is a valuable resource for studying rare cancers such as STS, and our overall findings are plausible and concordant with prior work in this field.
In conclusion, we demonstrate rigorously and definitively that insurance status is associated with differences in early diagnosis, receipt of neoadjuvant or adjuvant radiation therapy, and OS for patients with STS in the United States. These insurance related disparities are most prominent in Medicaid and uninsured patients <65 years of age. Further work evaluating insurance coverage quality as well as healthcare policies that lead to such disparities is warranted.
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